composed largely of straight, stiff, coarse fibers which are so numerous that little remains of the original hypodermal cell except the nucleus, and cell limits are entirely obliterated.
A basement iiiciribraiie or connective tissue ' Grenzlarnella' between the hypoderrnal cells and the muscle fibrils, at the point of muscle insertion, is described by C'laus, McMiirrich, van Rees, Schneider, Holrngren arid many other authors. Lecaillon, Snet8h-lage and Riley also describe a basement menibrane for the hypodermal cells, but in the region of muscle attachment it bends around arid becomes continuous with the sarcolemma, and therefore it does not extend between the epithelium and the muscles.
Claus states that it is a cuticular formation in Branchipus and Artemia, and that it may become chitinous. In some regions it is absent. In the Decapods, however, it is a t,rue connective tissue 'Grenzlamella. ' McMurrich and Holmgren also claim that it, is merely n cuticular membrane formed by the epithelium, the fornicr dcscribjrig thickenings of the membrane (in terrestrjal Isopods) at the cell boundaries from which supporting fibers originate and pass up into the cells. van Rees published figures which show that in Musea vomitoria the basement membrane is Formed from long processes of tlhc hypodermal cells which surround the muscle insertion. According to Eniriiel the first basement membrane in thc regencrating claw of the lobster is a homogeneous cuticular formation of the ecloderinal cells. A nucleated rnembraric is formed later. thc origin of which Errirricl mas unable to determine. The intermediate iriernbrarie is of connective tissue origin according to Schneidcr, arid Claw states that it is a connective tissue formatlion iii the Dcctlpods.
F l a w found the basement menzbrane to be absent from some regions of Branchipus and Artemia, and Hemeguy never saw it in the Insecta and claims that it is not present in other Arthropods, but that the 2 lines of the muscle fibers give the appearance of a basement iiieiubranc. There is no basement, or intermediate iiiernbrane in the ilIillipedcs according to I h b o x q . Snethlage finds no interiiicdiatc mcmbruuc at the point of insertion, but pigment granules and anastomosing muscle fibrils give the appearance of a basement nieimbrane.
The muscles are attached to the epithelial cells and not, directly to the tendon fibers according to List, T'itdlanes, Vitzou arid Weisman. Staniin declares that the muscles are inserted to the basement irienihrane arid that there are no fibrils passing t'hrough the menibrane. Bcrtkaii (in spiders) finds muscle fibers to be continuous ~~i t h thc tendon fibers, but he can always see a distinct dividing line between the epitheliuni a i d t8he inuscle.
Leydig, Duboscq and Snethlage declare that the sarcoplarin is continuous with thc pi otoplawi of the cctcrderinal epithelial cells, but this is denied by Holnrgrcii, excepting for the vagina of Sarcophaga, where he found direct continuity betwmi chitin matrix cells aid the sarcoglia of niiiwles. Thi5 is explaincd as being the persist,ing embryonic connection between ectoderiii and mesodcrnm Tendoa fibers aud muscle fibers arc directly c*ontinuous mitli one another according to Clai~:~ I h b o h c q , J,eydig, 1,i.caillon aiid Henncguj-. but Riley declare< that there is a splicing or fusion of t h e ~iiuscle fiber> into the tendon fibers and t i 0 direct coiitlinuity between the two.
Many authors believe that the tendon fibrils are merelr yrolorigations of the niwcle cell-. Frenzel, Kicolas, Idel Pantel, IIecht and Holmgren locate the tendon libcis hetn-ecn the epithelial cells iiistead of uithin tlieiu. -4s the m i i d c s approach t8he epitheliuin they are resolred iiito fine buridles of' fibrils which pass bctween thc epithelial cells to b v r t x ! directly iiit,o the chitin. According to another scheme of Hohripren's the niiiscle fibrils penetrate the cpithplial cells and are then inserted to the chitin. Nou-ikoff and Snethlage believe that both tendori and muscle are developed froin ectoderm, $0 the continuity of the two types of fibrils is e a 4 y explained. Emmcl fcnmd that in thc regencrating lobster claw the new tendon iibrils are mc.rely the non-stria ted ends of the r~iusclc fibrils which are developed in an ectodernial syncytium. The 5triatious may continuc as far as the level of of the chitin-forming outcr later of thi:, syncytium.
The tendon fibers are described hy ('laus as being very coarse, while I-Ienneguy state:: that t8hey are identical in appearance with fibrils in other parts of the epidermis where there are 110 ihed by Heatcote. muscles. They correspond to &I. Heidenhain 's ' Tonofibrillen ' which arc formed in many epithelial cells, according to Maziarki and Labb6 , and Janet observcd that they may become chitinous. TAcaillon's observations show that a tendon rnay divide into two parts and that two tendons may fuse.
The tendon fibers are developed from the ectoderrnal epithelium according to Claus, Henneguy, Leydig, Duboscq, Mazisrki, Labb6, Janet, Snethlage, Reichenbsch, van Rees, Emmel, Riley and Bertkau, but Tullberg and Braun derivc them from the connective tissue. Most of those authors who believe that the tendon fibers are prolongations of the rnuscle fibrils also believe that the muscles are products of the rncsoderm, which compels the conclusion that the tendon fibers are also of mesodermal origin. This view, however, is not shared by Nowikoff and Snethlage, nor by Reed, Ost and Emmel. 311 of these authors derive the muscles and the epidermis from the cctoderm, the three last named basing their conclusions on a study of regenerating tissue.
h study of the development of the muscles has been made by Henneguy (insects), Reichenbach (crayfish) and vanRees(insects) .
The work of these authors shows the muscles to be of mesodermal origin, while the investigations of Snethlage (Artemia salina) furnish equally convincing proof for the ectodermal origin of the muscles in normal ontogeny. Reed, Ost and Emmel have shown t h a t the regenerating muscles are oI hypodermal origin. Henneguy studied insect embryos and found that the musclcs were developed from mesodermal cells which were in contact with the hypodermis. Epithelial fibrils were differentiated at the same time that the muscle fibrils were formed, and the two became continuous. Snethlagc's studies on developing Artemia musclcs convinced him that they are formed from the ectoderm at the point of insertion. Development from the mesoderm would bc jmpossible, because a mesoderm in the sense of a distinct germ layer does not exist in these forms. van Recs worked on the metamorphosis of Musca vomitoria and found that the basal portions of the hypodermal cells become spun out into fine processes which push the basal membrane away from the epithelial cells. These fine processes become the muscle tendons. Reichcnbach con-eluded from his studies on the development of the crayfish that the tendon fibrils are formed from the ectoderm, but that the muscles are developed from mesoderm. Emmel has shown that in the regenerating lobster claw the muscles and hypodermis are developed from an ectodermal syncytium. The tendon fibrils are the non-striated ends of the muscle fibrils. The basement membrane which is formed at first is also a product of the ectodermal syncytium.
The above gleanings from the literature show that the problem of muscle attachment in Arthropods can hardly be regarded as settled. We find a variety of opinions even on such a question as the exact mode of attachment of the muscle fibrils to the tendon fibrils, the solution of which depends chiefly on good technique and careful observation of sections of adult tissue. It seems, therefore, that any new observations in this field maybeof value.
The following account of muscle attachment in the crayfish is based on a study of material from the histological collection of the department of Animal Biology of the University of Minnesota. The sections were made through the region of muscle attachment in the claw of a crayfish after the chitin had been stripped off. The fixation of the material is good. The sections are stained in a haematoxylin combination which gives a splendid differentiation of the finer cell structures.
The epiderm or hypodermis, as it is usually termed by entomologists, of the large claw of the crayfish may consist of one (figs. 4 and 5) or several ( fig. 1 ) lnycw of extremely irregular cells which are so closely associated with one another that it is usually quite impossible to distinguish cell boundaries. Astudy of scctions through regions located between the points of muscle attachment (figs. 1,2,4) shows very clearly that there are no cell boundaries, and that the hypodermal layer is composed of a protoplasmic syncytium in which the nuclei have a very irregular distribution, a condition which was described by Henneguy for various Arthropods and by Emmel in the regenerating claw of lobster. In some regions ( fig. 1 ) the presence of small and large irregular spaces gives the spcytiuin the appearance of an extrcrricly irregular protoplasmic network the strands of which are extremely variable in size and shape. Vacuoles and small spaces are nearly always present, even in the thinner portions of the hypodermis ( figs. 1 and 4) . The nuclei all have about the same relative amount of chromat,in, but their size and shape is subject to great variations. They may be round, irregular or oval, and their long axis may be in any plane. Very large nuclei are shown in figure   3 behind the tendon fibrils and at the right of figure 4, and figures 1 and 2 show the irregularities in the shape of the different nuclei.
Everywhere the hypodermis contains may sharply defined, homogeneous fibrils which take a wavy course theough the syncytium, usually extending through several cell-territories. Sometimes they unite into bundles ( fig. l) , but usually each fibril is independent. They show a general tendency towards an oblique course through the syncytium from its outer to its inner surface, or they may converge on the muscles, as is seen in figure 1 , where the fibrils of the ayncytium are all directed towards a small area on the bundles of striated muscle fibers shown in the lower righthand portion of the figure. Occasionally, the fibers will run for some distance'in the horizontal direction parallel to the outer surface, before they take the oblique course downwards to join the fiber bundles in the basal region of the syncytium (fig. 4) . Figure  4 also shows considerable variation in the size and direction of the fibrils. In the upper right hand portion of the figure one sees many exceedingly fine fibrils whose course is more vertical than that of the other fibers. Some of the thicker fibers permit a considerable change of focus before they pass out of view, which indicates that some of them are bands or membranes and not fibers. Figure 2 shows a very interesting arrangement of the hypodermal fibers. If we examine the bundle of fibers in the basal portion of the hypodermis we notice that one fiber leaves this bundle, and if we follow it to the left we see that it gradually gets further away from the basal bundle until it very suddenly changes its direct,ion. It passes upwards, bends around a hypodermal nucleus and can then be followed hack to the right in the horizontal plane, where it is joined by several other fibers running in the same direction, some of which again pass downwards to join the basal bundle. That portion of the hypodermis which is some distance away from muscle attachments niay contain a great many horizontal fibers, some of which pass downwards to join the basal bundle of fibers (fig. 4 ). Others unite with vertical and oblique fibers which results in the formation of a network within the s yncytium.
Supporting fibrils in the hypodermis are mentioned by Henneguy, Maziarki, Labbe and Emmel, Maziarki and Labb6 believing that they correspond to M. Heidenhain's ' Tonofibrillen' which are formed in many epithelial cells. I n insects L6caillon could see no other fibers in the epidermal epithelium but the tendon fibers which are continuous with the muscle fibrils. McMurrich found supporting fibrils passing up into the epithelial cells of the mid-gut of terrestrial Isopods from thickenings of the basement membrane.
In the crayfish the supporting fibrils of the hypodermis show a tendency to collect in the basal portion of the syncytium to form a horizontal layer of fibers which, when composed of many fibers not clearly differentiated by good technique, may have the appearance of a basement membrane. However, a good haematoxylin stain will show exactly what this 'basement membrane' is. Figures 1, 2 and 4 show clearly that most of the supporting fibrils of the hypodermis eventually reach the basal portion of the syncytium where they take a horizontal course. I n some regions ( fig. 1 ) the horizontal fibers form a dense bundle at the inner marginof the syncytium and therby produce a definite limiting structure between the hypodermis and the underlying tissues, but in other cases ( fig. 2 ) the basal fibers are not so closely associated with one another as to form a fibrous membrane. Figure  4 shows that the basal fibers may be widely separated from one another and that they may occupy the entire cell-territory between the lower level of the nucleus and inner margin of the syncytium.
The same section (left-hand portion of figure 4) shows also that there may be about as many horizontal fibers above the nuclei as below them. In still other regions of the hypodermis horizontal fibers are entirely absent and there is absolutely no limiting structure of any kind between the hypodermal syncytiurn and the underlying connective tissue. In such places it is impossible to determine the boundary between the hypodermis and the connective tissue, and the supporting fibrils are continuous from one tissue to the other. In the deeper portions of the connective tissue syncytium the fibrils pass to the margins of the syncytial strands, thus entering into the structure of true Leydig's cells of the first order. The fibers or bands are continuous from one Leydig cell to another but are always located at the margin of the cells. Some of the fibers join the outer adventitial membrane of the blood vessels the wall of which is composed of Leydig's cells which are so arranged that they form simple epithelial tubes which have a very definite inner and outer membrane. The inner membrane appers homogeneous, but it has the same structure and staining reactions as the fibers of the hypodermis andsupporting tissue. The outer membrane is frequently fibrous, its fibers being continuous with those of the surrounding Leydig's cells.
That the hypodermis is continuous with the underlying supporting tissue is not a new observation. Leydig, in 1851, called attention to the similarity between Arthropod integument and connective substance and M. Braun, in 1875, states that it is impossible to separate the products of the ectoderm from those of the mesoderm in the crayfish, and many other authors have made the same observation. In view of these facts it is not surprising to find some of the fibrils from the supporting tissue joining the horizontal layer of hypodermal fibers (figures 1 and 2, of which 8. 7'. is supporting tissue). We must admit, therefore, that it is quite possible that connective fibrils from the supporting tissue take part in the formation of the fibrous limiting layer where such a structure is formed but, on the other hand, it is also possible that the fibers which we see running down into the supporting substance are derived from the hypoderniis. The presence of occasional flattened oval nuclei among the horizontal fibers has been interpreted by Schneider and others as proof for the existence of connective tissue in this region. Further speculation on this point is useless, especially so in view of the fact that we are by no means certain of the mesodermal origin of the supporting tissue or of the muscles in Arthropods. The fact remains, that in the crayfish, the layer of horizontal fibers is composed largely of hypo-dermal fibers. There is no cuticular basement membrane, such as is described by McMurrich, Holingren and Emmel, and no connective tissue ' Grenzlamella ' as stated by Claus and Schneider, although fibers from the supporting tissue may enter into the fibrous layer in the basal portion of the hypodermis.
Where the layer of basal fibers is well developed it may pass between the muscle and tendon fibrils in the region of muscle attachment ( figs. 1 and 2 ), or it may bend downwards and run along the surface of the muscle or continue for some distance between the muscles (fig. 3) . A horizontal layer of fibers between the muscles and their tendon fibers may also be produced by continuous branches of the tendon fibers themselves ( fig. 5 ) . This is probably what Snethlage saw when he stated that between the muscles and their tendon fibrils an apparent basement membrane is produced by anastomosing muscle fibrils and pigment granules. Small, highly refractive pigment granules are also found in the crayfish in this region, but they are seen only when the light is cut down. For the sake of clearness they have been omitted from the drawings. Figures 1 and 4 show that bundles of fibers are not limited to the basal layer of horizontal fibers. A t the outer border of the hypodermis these bundles are resolved into their individual fibers which spread out fan-shaped and probably penetrate the chitin. In the present investigation no attempt was made to determine the relation of the fibrils to the chitin, but many authors state that they are continued into the chitin.
Close study of the tendon fibers (2'. F., figs. 1, 2, 3, 5 ) shows that they are coarse, straight bundles of fibrils which seem to be identical with those which are found in other regions of the hypodermis. This is in accord with the findings of Henneguy, but i s contrary to Emmel. The outer ends of the tendon fibers, where they are attached to the chitin, are frequently spread out in such a way that they form a fan-shaped figure in sections. This is seen especially well in the isolated smaller bundles of fibers such as are shown in figure 1, T. F.' and on the left of figure 2. Her.e one sees that the fibrils correspond in size, structure and staining reactions to the supporting fibrils in other regions of the hypoder-mis. The tendon fibers stain darker than the smallest fibers found in other parts of the epiderm, but not any darker than thick bundles of fibers ( fig. 1) . Where the tendon fibers are frayed out a t the ends the staining reactions of their fine constituent fibrils are identical with those of fibrils in other parts of the hypoderm. It is probable, therefore, that the dark staining of the tendon fibers is due to their density, rather than to changes in their chemical nature.
A condition similar to that described above is seen also at the inner ends of the tendon fibers, where they are attached to the muscles ( figs. 1,3, 5 ) . The fine inner branches resulting from the division of the coarser fibers into their constituent fibrils may follow a comparatively straight course, as in figure 3, or they may anastomose freely with neighboring fibrils a t the lower border of the tendon, as in figure 5 . The latter condition may produce a more or less horizontal layer or network of fibers composedof anastomosing branches of the tendon fibers ( fig. 5 ) . Such a structure might easily be mistaken for a basement membrane. Fibrils from the surrounding epidermal regions, and probably also from the supporting tissue, usually join with the branches of the tendon fibers in the formation of this layer ( fig. 1) . However, this is probably not the case in the region shown in figure 5 , and certainly not in the parts shown in figure 3 . The latter figure shows that a horizontaI layer of fibers may be absent a t the point of attachment of the muscle to its tendon, but even in this case there is more or less branching of the finer fibrils at their inner ends.
The exact mode of attachment of the muscles to their tendons is shown in figures 1 , 3 , and 5. In figures 1 and 3 we see that the fine branches of the tendon fibers are continued down into the muscle for a variable distance, and that the muscle fibrils run up between these processes. Figure 1 also shows that fibers from the horizontal layer which are derived from other regions of the hypodermis may penet>rate the muscle for some distance. The long fiber on the right of the figure is probably derived from this source. There are no horizontal fibers in the greater part of figure 3, and therefore the muscle attachment here is entirely by means of fine branches of the tendon fibers. In figure 5 most of the fibrils which project down into the muscle are derived from the network which is produced by anastomosis of tendon fibrils at the base of the tendon. Some of the fibrils pass down into the muscle for a considerable distance. The 'splicing' or 'dove-tailing' of the muscle fibrils and tendon fibrils is seen very clearly in this figure and in figure 1 .
The findings of previous workers in regard to the union of tendon and muscle in Arthropods have been presented in the first part of this paper and it is unnecessary to restate them here. Riley seems to be the only author who has observed anything like the process described here. According to Riley, " . . . . there occurs a slicing or fusion of the two types of fibrils, the basement membrane being lacking a t the point of contact." If thc network or layer of fibers a t the base of the tendon and in the lower portion of the hypodermis is to be interpreted as a basement membrane, then Riley's statement in regard to this structure is not correct for the crayfish, as is seen by an examination of figures 1 and 5. However, the writer can see no reason for calling this structure a basement membrane. The variations to which it is subject are shown in the five figures presented here, and it hardly seems reasonable to call such an indefinite structure a basement membrane.
For the crayfish it seems almost certain that the tendon fibers are within the hypodermal cells and not between them, as is claimed by Frenzel, Nicolas, Idc, Pantel and Hecht. The fact that the tendon fibers seem to be bundles of ordinary supporting fibrils is in favor of the former view, and figures 1, 3 and 5 can be interpreted in no other light. The fibers occupy the greater part of the cell, but a small quantity of cytoplasm can always be seen between them, and the original hypodermal nuclei are still to be seen. The final solution of this question will depend on ontogenetic studies, but for the present the view presented here seems to be the most reasonable one.
The origin of the muscles in the Arthropoda is still beingdebated, some authors claiming that they are of mesodermal origin, others that they are derived from ectoderm. It is very likely that> they may be derived from both sources, which is probably also true of some vertebrates, Goronowitsch having shown that in birds the musculature of the visceral arches is derived from cells of the neural crest and from the outer ectoderm. Julia Platt does not admit the development of muscles from wandering extoderm cells in Necturus, but she does claim that the branchial cartilages and the anterior portions of the trabecular bars are developed from ectoderm, while Goronowitsch claims that in birds a portion of the mesenchyme, cutis and skull in the region of the midbrain are formed from ectoderm. According to Kastschenko themesenchyme is derived from all three germ layers, from cells which are not used up in the formation of epithelial structures, and v. Kupff er derives the branchial cartilages of Petromyzon from the deeper layers of the ectoderm.
Facts like these show that we must be careful in our s t a t e ments regarding the origin of various structures from certain germ layers until we have exact ontogenetic studies of those structures, and this is especially true of the invertebrates.
The peculiar arrangement which provides for union between muscle and tendon fibrils in the crayfish suggests independent origin arid secondary fusion of those structures, but the ontogenetic proofs for this are lacking. In any case, the method of union between the two types of fibrils remains quite different from what it is in vertebrates. In the latter there is direct continuity between muscle and tendon fibrils, as has been recently proven by Oskgr Schultzel for man and several groups of vertebrates. His results have been confirmed by other investigators (see Schultze's Leipzig paper for further literature on the subject), and the writer can testify that his preparations show all that is claimed for them. That many authors believe that the same conditions obtain in Arthropods has already been pointed out. However, the present investigation does not warrant this conclusion for the crayfish. Here the ends of the muscle fibrils are surrounded by fine branches of the tendon fibrils, some of which may pass in between the muscle fibrils for a considerable distance.
Verhdl. der Phys.-Med. Gesellsch. zu Wiirzburg N. F. Bd. 41 and Verhdl. der h a t . Gesellsch, 25. Vers., Lcipzig. 1911. Coagulated blood plasma is found in some of the spaces of the hypodermal syncytium and in occasional spaces which occur in the layer of horizontal fibers at the base of the epiderm. This indicates that the vascular circulation is in very close relation with the hypodermis.
SUMMARY
The hypodermis of the crayfish consists of a protoplasmic syncytium containing one or more layers of nuclei which have a very irregular distribution within the syncytium.
Supporting fibers and fibrils are found everywhere within the syncytium. In some regions they all take about the same course and eventually reach the basal portion of the syncytium where they run in a horizontal direction.
The basal layer of fibers shows great variation in the number of fibers entering into its composition and in their proximity to each other. In some cases the basal fibers occupy the entire territory between the nuclei and the lower border of the syncytium, and in others this layer is absent altogether. On account of these variations this layer of fibers can not be classified as a true basement or intermediate membrane.
Fibers from the supporting tissue are continuous with those of the hypoderm and some of them join the basal layer of hypodermal fibers which, in the regions of muscle attachment, usually pass between the ends of the muscle fibrils and the tendon fibers by means of which the muscles are attached to the chitinous exoskeleton.
The tendon fibers are bundles of fine fibrils, similar to those found in other regions of the epiderm. ,4t their inner ends the tendon fibers are resolved into their constituent fibrils which usually anastomose with neighboring fibrils in such a way as to produce a network at the base of the tendon. Fibers from other regions of the hypoderm and from the supporting tissue frequently join this network ( fig. 1) .
Tendon fibrils, and fibrils from the intermediate network or basal layer of hypodermal and supporting tissue fibrils penetrate the muscle for variable distances in such a way that the outer ends of the muscle fibrils are surrounded by them.
Muscle fibrils and tendon fibrils are not directly continuous with one another. The muscle is 'dove-tailed' or 'spliced' into its tendon.
The evidence obtained from a study of the adult structures is in favor of the view that the tendon fibers are located within the hypodermal cells and not between them.
